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5 FIELD OF THE INVENTION 

The present mverruon relates generally to performance of a 

cellular, or other radio, communication system More par ucnlari> the 
present invention relates to apparatus, and an associated method, to 

10 effectuate power control in the radio communication system to ensure 
the * i * fN m ed QoS 

in levels o\ h I ttplif signals to oo 
transmit < N - 

level are determined and requested pursuant to service request 

15 i ) vibe form of an 

station 

BACKGROUND OF THE INVENTION 

A communication system permits the communication of 
information between two or more communication stations The 
20 communicatee t it an nee i i i c< joicati ch« N « 
unon *htv» a on a s-gnei s < m. c The , \ „rr « 
gn; des * i U n wi oh s tc be oo t t *h 3 b tweon 
n stations I n system, a 

eommm all t si on mcfu es doth a iransm te >e hen em a 
25: receiver po perab t t a rece penny e 

:r 1 - o o x 

& -adic v t < t ct c- ^ > mm c c^.^r 
v«.hu \h0 communication channel formed between tne communication 
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stations is a radio channel defined upon a portion of the 
electromagnetic spectrum. When a communication station operable in 
such a communication system includes both e transmitter portion and a 
receiver portion, em communication station terms a radio transceiver, 
capable of two-way, radio communication with another communication 
station. Because communication sipnais can be transmitted between 
radio transceivers on radio ehannois, wire line connections are not 
required Ic effectuate communications in a radio communication 
system. Thereby, communications ere possible by way of a raoio 
0 "on n -bm o * ■» s at ? m< t on n > a > .on m ten 
between the comm.; mi-cabon stations would be impractical. 

A cellular communication system Is an exemplary radio 
communication system. Cellular communication systems, constructed 
a I is sta ul s ds have b 

S significant portions of the world A subscriber to a cellular 

communication system is able to communicate teiepnon-calty by way 

- when 

the mobile station is positioned within an area encompassed fay the 
communication system. Telephonic communication of both voice 
r> itorma and data hion is i mn r worl 

, ! iOO 1 . ! lK 

n oo the nni^l O of now ceilman and other, 
comn-iu 3 i t s i s s car. ^ '1 •> < <: used amounts 

and types, of date. For instance, a proposed celiuiar communication 
5 system set forth n dm specification of a CDfV!A2000 standard provides 
ie performance noli m - 

mo isa cc - to ft cation of two 

c > c o r sre*^ tyu-^ * - an:' a 
information. 
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"\ * ^ « s h - « % i * c < a «. er are defined In the 
specif caUon of 'he pr \ ose I CDMA s ulerd QoS level 

nete; i 1 i m ds i I \ 

omer hi < ms r s,^ v QoS level para meters define 

5 standards by which to sr en > s i% icauo 

quasUy levels A QoS level parameter can be used in service initiation 
and service modification. A QoS ievei parameter can be used during 
service negotiations in the initiation of performance of a communication 
service as wet? as to modify service levels during performance of a 
10 communication service A QoS levei parameter defines a 

communication service in terms, a q.. bit-error rates service delays, as 
well as other types of performance measures. Performance of a 
communication service at a level at least corresponding to a selected 
performance measure by which a QoS level parameter is defined 
1.5 ensures that the communication service is performed at a 

communication quality level associated therewith: The QoS level- 
parameter, therefore, is a quantifiable parameter associated with a 
corrununscauon quality level 

Different cornrnunlcation services might necessitate different 
20 levels < x m i > N ru; >s to em et - per \ >n ^n 
o ' , - - < v ! i^u^Q^i ilsng f 

subscribe to different leveb ? se-vice For -ostance ; one subscriber 
might require that a communication service be performed at a greater 
data transmission rate than another subscriber A subscription for 
25 service at a QoS ievei ensuring performance of the communication 
? 1 * e 0 be seieci 

requirements of the subscriber 

The amount of ga;n apphed io a cornriu.vuc.anon x;gnsi si a 
transmitter portion of a communication stacon m, m part, determinative 
M of a pert oanm i umm uuvtu aied a QoS ieve; para e To 
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ensure that a communication service is performed at a selected QoS 
level, the gain by which the communication signal transmitted to 
perfo ti such « - s mus jiected to bt 

great enough to perform the commutation service at the dessred QoS 

5 level. However, the level of gam at vyhmh a commomcahon signal is 
transmuted in a COMA (cooe division multiple-access) communication 
system cannot merely be increased Without constraint. A 
commutation signal of an inordinately nigh level of gain interferes 
With concur nently-generateo communication signals by other 

tO communication stations apmeO;e ;■■ the CDMA m " ^ ^ system 

a communication signal must therefore be controlled, in the proposed 
CDblAPOOO communication system, the gain is selected pursuant to 
service negotiation. That is to say, control apparatus of the proposed 

15 CDhlAOOOO system controls whether a request to perform a 

communication service at a desired QoS level shall fee permitted. 

While channel gams asseciated with dedicated data channels are 
Jefine V ; pro? nt , * v < 

feeooaok power comroi to adjust too levels " gain has oof been set 

20 tern A i ' r bv ommh m ehe\Umt« nowrf ' Ov vhwh to 

control the levels of gam hy vAwch cc m>m' , Signals am \ vi \ s o 
would advantageously improve system efficiency 

it i$ n hgnt of this o mm ground <- n i «< reiased to 
communications m a radio communication system that the Significant 

25 mp > the s nion have evolved 

SWIiARY OF THE INVENTION 
Tro [. sm " v ^ c N -< M a o - s - < , o es a 
a £ > i i d ted matt a * 

effectuation of power comroi at a radio transceiver Effectuation of 
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--n- 1 mm * i o , >> v ~ O o ^'v? . *asCi/K*, n 
? d r. to £ ) > , s ? " % - 

P \ 0 i < v* - s - ^ x , 

communication signals must be amplified to ensure performance o! a 
communication service, such as performance of a multi-media 

3n s i *^ oT ing s* 5 a • 

procedures in which service is requested io perform the communication 
>ann m&hons ige of n levels are used 

determination of wbeibef io grant permission to perform the 
communication service and to allocate appropriate levels of 
communication system resources to perform tea communication 
service. 

in one implementation, ins range of gain ieveis by which Signals 
to be transmitted on various channels by a mobile station are 
determined at the mobile station, either by calculations performed at 
the mobile station, or by external inputs thereto, such as by way of a 
-sp! m t 

network infrastructure ot the eommumcatscn system subsequent lo a 
channel request message sent to the network infrastructure in one 

n r < the message transmitted to the networf infrastructure 

toons part of an women gain request seat to the network infrastructure 
among semwe negahauens sobseauem to transmission of the channel 
request.. 

in a tmmar implementation deteoYunabons are made at the 
5 t e • ue w i < f t s to Ida 

mobile station to the communication system to perform the 
communication service therethrough When service is granted, system 
resources are allocated to permit the performance of the 
<-> <^ ss > > n v <. - > ~ c - a s.1 t tn eta > I 

"< infrastructure and transmitted io the mobile station control the ieveis of 
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gam by which the communication signals generated by the mobile 
station are amplified. 

In one cc\ ^ us^-co gam control ;s effectuated 
and the network infrastructure transmits to the mobile station channel 
gain messages to adjust channel gain, as appropriate, during 
performance of the communication serv;ce. 

another mp ntaf 1 !a station is instructed in 

manners Oy 'a r p rssponsn t two- i si? < r ^ 
transmission of NAK. (no acknowledgement) mdlcakons responsive to 
generation by the mobile station of RIP comic link protocol) data 
frames, formatted in conventional manner of the RLP. The mobile 
station is provided, either as a user -specific message, or as a system 
paramstar : an NAN interval, on NAK limit, and a QoS step value. 
Responsive to such values, the mobile station determines In what 
manner to adjust levels of gain of amplifier circuitry of the mobile 
station. For instance, the mobile station counts NAK Indications dating 
the interval defined by the NAK interval value, ami when the count 
exceeds the NAK mod value, the level or gain s stooped, up or down. 
3( ' N ! N tb so v e v v p v 

A manner ss -h : w oy o J \o ensure tnat the gain 
levels at which communication signals are generated to perform a 
. N 1 N : OuOU to . ' I hiiiiK alien 

s , ! is, <- n y~ 

^ , ! v. , ( . < ki i ! l\ ,1 i |i ,w <> ^ < . 

gain level, the gain levels are appropriately altered. Thereby, system 
o a g \ >~ n > 

M'cO a'W i ^ -w -cm ^ r *> v ! « i i^-' - JHtiOil 
provides apparatus, and s= :iisoc;sted meinod far initiating 
! ^ den o oowe 5 f ^ )f signal* jens si do a radse 
uperabli m wn cuh,m s^stc > perfenn 3 e-: ^ v N - 



service Signals generated by iho radio device are transmitted upon a 
radio channel to a receiving station to perform the communication 
service A channel gam range ommmnne; ;s coupled at least to receive 
indications of mo communication service to be performed by the radio 
3 device. The channel gain range determiner determines a range of 

channel gams within which signal levels of the signais Generated by the 
radio device permit performance of the communication service. A 
message generator ss coupled to receive determinations of the channel 
g nge detemmm he mes t m generate - agi 

10 for transmission to the receiving station requeshng allocation of 

^ ^ nr capacity upon tea rac;c m >l to transom signals open the 
radio channel to perform the communication service. 

A more complete appreciation of the present invention and to the 
scope thereof can he obtained from the accompanying drawings which 
15 are briefly summarized below, the following detailed description of the 
presently-preferred embodiments of the present invention, and the 
appended Claims. 

BRIEF DESCRIPTION OF THE DRAWING 

M I vsm il>m m - v <Mmm 

communication system tn whmh an embodiment of the pmssni 
invention is operable 

Figure 2 illustrates a functional block diagram of a mobile station 
^teh-s^ ~m^c» 3 m:c ^ c*"*<-mo^ j -m > 

11 Home : ii ! * s mm n sec : : magran liush&f r ihe ^oina 
sequences generated during operation of en embodiment of me 
present invention 

Figr ~ trates -> k diagram of ^ 

-mm shown in F:g e 2. 
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figure 5 illustrates a hmeh.onal clock diagram c.b another portion 
of the mobile station shown In Figure 2. 

Figure 6 illustrates a functional block diagram of a mobile station, 
similar to thai shown ;n Figure 2. but operable pursuant to an 
5 alternative embodiment of the present Invention 

Figure 7 illustrates a sequence diagram illustrating the sequence 
of signals gene rated on; my operation of an embodiment of the present 
invention, 

Figure 8 illustrates a sequence diagram illustrating the signal 
to sequences during operation of another embodiment of the present 
invention 

Figure 9 illustrates a memoes flow diagram listing the method of 
operation of an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
IS EW0DMENT 

t * *■ o « , t t rv*<cm 

system, shown generally at 10, is Installed throughout a geographical 
area Too network mfrasduolure of the cellular comrm.micabon system 
p; o -> f r f ! \ » " t >o h ^ a M \vh O a "i 

2b exemplary mobile stabon 12 is shown ;n the Figure. 

The system 10 includes a ph-ramy of -g - \ f rad;o base 
stations 14 which are positioned at spaced locations throughout the 
geographical area to be encompassed by the communication system, 
in the implementation shown in the bgu~e sets of three radio base 

2$ v u » > -n ^4 defines c :eii and * > 

cells 16 together collectively cover the area encompassed by the 
oommunicatiot systet In ths • — mj n mplemsntation n which sets 
of th.ree c »s . - ■ - „ - ^e - l < o ^ * *r m aenaes a 
s« tor cei m c: emotional n-son? 
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Groups of the ramo ease srs-bons i , , - coupled ?o a SSC (base 
station controller) 18 A BSC is operable to control operation of radio 

s > . j m\ ~< s r 3< - ,N - , n 
to an MSC (mobile switching center) 22. An MSG is operable, amongst 
5 other tdmcs to perform , t > <v \ MSG ;s coupled to a 

PSTN (public-switched telephonic network) 24. And, the FSTM •$ 
coupled to communication stations such as the communication stetson 
26. 

The apparatus ; mm sop tne nehvcok infrastructure, its operation, 
10 and ) operation of the mctois stations 12 operable therein, conform 
With a cellular standard, An exemplary nt em a m of an 
eml i " " mention she 1 m\.h n -m i 

a proposed CDMA2GQG cellular standard proposed as a 3G (third 
ati i i em standi It should be 

15 ynci ^ , f 4 splan , & i 

embodiment of - t w is son -> f >th&r types 

of cellular, as well as other radio, communication systems 

Various types of communication services are proposed to be 
provided for In a CDfdAPOQO cellular communication system. Molh- 
20 -\ ( - • i > u - " m a i > 

system. QoS t servo <> £ c - w~ 

- t c ■> *? » " - - " o " ~ r c 

representative of performance measures of communication of Signals m 
the cammumc -aoormence include, t 

25 instance, target bit ~mw - «imt rates (8£Rs} : service delays or any 
ot various otner parameters, VVhsn communication services are 
performed at a particular QoS level the vis- service is 
~o - j •■ i - ; ::.»S'"ri J o s »nt- 

measures associated with the QoS level, Proposals have been made 
30 to permit subscribers to the communication system to subscribe for 
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service at a particular QoS level for a particular subscription rate. The 
subscription rate would, tor instance be related Jo the QoS level 
pursuant to which subscription is made. And subscription could be 
made for different levels ot QoS fro different services. That is to say, 
5 subscription could ho made tor voice service at a rest QoS ieyeh and a 
' ff< rer t Q >S - to a type o? da* ; en - 

' 5 f wing de pti > - i U bed with sr. ac t - a 
QoS level which is defined in terms of minimum BER (bit error rate) 
performance. BER is measured in terms of any of venous terms. For 

to < i < < , <m -? 

i I " n moo hi iN hiemes, o 

effective receive cp'hu for a pedicular service. By maintaining a target 
received E/N 6 using power control as described below, an effective 
BER may be maintained t h 

It Figui mo ? a 

embodiment of the present invention The mobile stauon 12 receives 
forward-link signals transmitted thereto by a radio Case station and 
generates reversedink signals for transmission to " radio base station 
Two-way communication is thereby effectuated by way of the mobile 

2D station to c « r 1 it 

applications 

The momie station 12 includes a transmit portion having an 
information scores 34 at which information to be transmitted is 
generated The r * v m ^ - crowded w, an encedm 36 which is 

2> operable m encode m sritormamon provided thereto according to an 
encoding scheme 1 tmer m > - igna 

modulator 38 ww:.u operable to modulate the encoded Signals 
r. rc *, dc n %t jretc and to ;> N rie n Dbui ste 3 s y % ; mc converted into 
analog form ay a cm <" rc are ? a em vw no < Of-.C 1 40. to a VGA 

30 variab a gain ampiihen 42 The VGA m operable to amplify the 
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mca 4^ted S;gna!s provided thereto at a selected lave; of gain and to 
provide amplified signals to en op-converter 44. The op-converter is 
operable to up-oonvert in frequency the signals provided thereto to be 
of a transmission frequency Up-converted scroos generated by the 
5 rter 44 are then sag )wer am 

- 1 >iifi a n a mem saucer 48 to tx 

transduced thereat coo electromagnetic form. 

The receive portion of the mobile station includes a down- 
converter 52 coupled to the antenna transducer 43. Forward-link 

10 signals detected by tne antenna transducer 48 are converted into 
eiectrmai torn one pomndeo to me oov,m-cormefter The down. 

\ f \ - ; c t in frequ e eigne; provided 

thereto and to provide down-converted to an I/O demodulator 54. The 
demodulator generates the demodulated signals which are provided to 

If an A/D (analogdo-digitai) converter 66 to convert the signais into digital 
form, Digitized signals are provided to a rake receiver 58 which 
detects multepatn representations of the same symbols and combines 
such detects symbols c ormed by t ke re -mx 58 are 

provided to a oeeocer 62 which decooes the recc;e eno decoded form 

20 Is ' , ) - m <, , , >4 

The mobile station 12 Further memoes e con?roner68 operable 
, > ^ * m , e Vk i t 

nivenbona oi tunc r r ircuitry of tt 

mobile station, the controller 68 is hare also operable to initiate and to 

25 edeciuate gain control tc ensure that communications services 

performed oy tne mobile stance are effectuateo at an appropriate QoS 
level With respect In a QoS level parameter of a 8ER, the level of 

I Which 8 SIC \ I t O 1 1 I ~ r 

transmitted ssgnais. Vacuus elements or me cenuclier are shown as 
30 actional bio V- - - - i nsnte a 
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> % \ $ - i < i - , < able serem < )us functions 

performed by various of me functional blocks are effectuated by 
aigofithm^ executed fey the processing device 

The controller 68 is coupled to s user mm-dace 72 m receive 

5 user-generated inputs, inputs generated by way of the user Interface 
are provided, amongst other places, to a cnannel gain range 
determiner 74 which functionally forms a portion of the controller. 
Hmt isd i icr s coupled to \ id t;ons ol a 
communscauon service which m to be performed by the moPim station 

10 Th u ! > N a i 

channel gains within which communication signals generated pursuant 
to a communication service must be amplified to ensure that an 
appropriate level of QoS is maintained during effectuation of the 
nmunication Ffte ran 1 - 1 < * - 

15 boundary value of a channel gain value beneath which maintenance of 
a selected QoS cannot be ensured 

f iary 

value ; including levels of network loading and service rale negotiations 
the architecture. ^ the components, of the mobile station form 
20 N $ a v e base ba ? mm: oi 

t > 1 i i N i - ' re of signal 

^ „ s - j i*. ! o 

shown ?n the Figure, ;s of a limited dynamic canoe Due to pulse 
shaping and emission requirements signals applied m tl>e D.AC 40 

25 ; , si I various channels c Signals into the 

- 1 a i * 0 C * 
employee nowevsc w-th a resuifam speouai distortion The RF front- 
end Df a moo4e smmo.e m also sorneum? s a critical factor in me level of 
achievable h/.hhfcr a psrccoiaf channel An analysis of whether the 

so mobile can meet its omissions and wave form quality requirements 



given a particular bearer service profile is based, for instance, upon the 
number of bits assigned by a mobile station to a particular channel to 
implement the channel gain The quantity of the number of bus 
assigned to a particular channel -may include implementation of a 
5 , ' ha| - ' surrcng > os ch 3 3 cart 5 

instance sn Isms assigns a maximum of 8 bits to a particular channel 
tea effective SNR (ssgnabto-noise ratio) ot the channel doe to 
quantization error can range anywhere from very low to a maximum 

b t ^ x e t e \ \ ^ d 1 v 

the mobile to a particular physical chancer there is en effective range 
of SNR in practice as the mobile station may allocate lass than this 
number at any time due to QoS constraints 

Assuming that the quantisation anise variants may be 
represented as v. : seen no:so can he treated as an add. coral source 
5 of white noise. If the power at a base station receiver is // vX . and the 
n§ ga I 1 ysk - p-to-power 

1 N hen t N<. s 

represented as; 

\~ * " ?'Tvy : 
- ! ) \ iiot £ 3 - ; < 0 ue - v 

represented t * >r r > of A , as fellows' 

E ;: A, , J 

/¥,." Ac,, " u ' ;t< Itvy 

A typical DAC. such as the DAC 40, utilized by mobile stances ;s 
a iK n ' \~ v ( J 

v « - uisng f ceo >i > s e - :. < s i > 

number of bits driving the DAC. Analysis of the quantization noma can 

da I i&\ „2 ^* a \ banr 

S| ead p >e shapmo so be Gaussian tn effect e QoS 



offered by the mobile station is determined in terms of deviation from 
Ej/N 6 on a pilot channel For instance the minimum normalized 
quantization noise variance for a Gaussian random process is .3634, 
.1138, .03744, and .01154 for 1 2, 3 and 4 bits,, respectively, of a 

5 uniform quantizer. The corresponding deviation from < N ^ u- - 
3 4 s I 348 1 59, ar 1 B - o ^ ^ssum»ng 
at least three bits are allocated to a particular channel, then the 
quantization no*se denudation =s lass ihan 0 2 o8 An acceptable 
range for < ;s obtained such that the QoS ranee is maximized undo? 

10 the const v ro- channel a* a i| 

» n n . - ^ ^ t i ^ *^ ^ ^ ~ 

acceptable range, A pilot channel and another channel designated as 
C< forming a fundamental, supplemental, or control channel, are the 
two channels of the exemplary hvo-channei example Assuming that 

15 t DA s s < - i - h m 

has i " l < ' < s 1 * * 1 ? mi < of 

«e i -5 3fo " v S'3 hi % - 

P : > * n ^ - h n 3 } -o - i< 1 s c u m " m 

20 In the z -;e euuau - " - - ~- $ s- k1 3 I - * \m i 

of G, a 5 - ct N - s \ c as 13 7 ,b ' ga n n t o N 
■V^ 2 t ' "m > n f n i ? 

> 1 i < > ' an ■> « 

e*e nary, and r r 1 . s r-s cm ; gam range is 

25 determined >n ether manners indications of the channel gain range 
.-a h *» ■* - afe i - u« » 

messa e * -m, is 

era 1 < , k m * s > ov - es - ?e u - 
r ete tnations mads a a 5 ^ a nai cam angs de at N " -ss f - 
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Message? general by ins generator are provided by way a sine 78 
which is connected to the transmit portion of the mobile station, in 
conventional manner, ths message =& interleaved or otherwise 
formatted in a selected manner and then modulated by the modulator 
5 38 The offered gain message Is transmitted by the mobile station 
i - < <- i > s m , m 

that is ; allocation of a supplemental channel, to perform a 
communication service The network infrastructure decides whether to 
grant service to the mobile station and to allocate the appropriate 

communication service at the seiecfed QoS level 

When the network Infrastructure grants service to the mobile 
station to perform the communication service, a service grant message 
Is broadcast as a forward-link signal which is - detected by the antanrvs 
transducer 48 and processed by the receive portion of the mobile 
station. A channel gain message is also broadcast by the network 
infrastructure indicating to the mobile station at what gain level signals 
generated by the mobile station are to ba amplified to perform the 

4 channel g detect 
mt } to the feces ve pen mo of the roomie station The detector OS is 
operable to detect indications of 1 channel gam message received at 
tee mobile station 12 end processed toy the recene portion thereof. 

indications d< mm i me dete 

~ v. ^ v \ i c \ - < x - - jpcfnr e c 

5 m n m \C J pi ( e 

applied thereto Thereby, close-loop gam control n effectuated to 

^ i - m •> s « I. I ^ .s > - , a " - c 

stetson to perform a communication service while ensuring thai an 
appropriate lev* QoS 
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r gu*\ 3 iiiusemes a sequence a-agram. snow?) - v ™ iy ai 92 
which illustrates the Signaling between ?be mobile station 12 and the 
network infrastructure, including a radio base station 14. during 
operation of an embodiment ol lbs present invention When a 

S conTrnuhicatio.o service is to be performed by a mobiia station 

resources of the communication system most be allocated to the mobile 
station to peerm the effectuation of the communication service. First, a 
supplemental channel request, indicated by the line 94, s generated by 
the mobile station and transmitted to the network infrastructure The 

10 ppiemeraa s - s ths n tw ; k 

infrastructure to allocate to ins mobile station channel resources so 
i v r ^ r ) ^ s u f > e fhen as mdmaled 

by thi Mm } N m > < 

shown in figure 2. Is generated by the mobile station and transmitted 

15 i > r ? us desalt < < > t 

message includes indications of a range of channel gains required to 
ensure that the cc s nunicai on sem c« can 1 1 i 

QoS level 

The network infrastructure grants service to the mobile station to 
20 ) > u , - w i. ^siiiqa t, - cm hkIi i ' 

»i bm j » u> 5 - - m f~ ; a <■ a < , .- ; m f e ^rovmn- 
to select an mmai level of gain by \ l k the communication Signals 
generated by the mobile shown ere to be amplified. And, during 
performance of the communication service, a channel gain message, 
25 * N s ! ed by the netv\ * dure to 

the mobile station to ooww the mctwm s suopiemoma: channel power 
eves That is to sa\j the w radicates at what 

leve of p\ t 1 "tiou 

igure 4 illustrates th « 1 ire wl 

3d m ^ ik ~sf e t- "lc f u^; \ scarce stnmb. 
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shown In the Figure is exemplary of the structure of portions of the 
receive portion of the mobile station constructed according to the 
proposals set forth in the proposed C0MA2Q0Q standards proposal. A 
plurality oi channels ere provided, here shown to include a fundamental 
5 channel 104, supplemental channels 106, a dedicated control channel 
108, and a pilot channel 112. Gain elements 114 are associated with 
the channels 104-108 Walsh coding is performed by providing Walsh 
codes to then xars 1 * :v an i er.t to ? Waist e x>ded 
sequences The Walsh-encoded sequences are amplified by the gain 
10 elements 1 14 The levels of gain at which individual ones of the gain 
elements amplify the signals applied thereto are controlled in manners 
{escribed above sspect to Figure 5 tely. as shall he 

described below with respect to Figure s. 

The illustrated portion of the mobile station is further shown, to 
15 ii - s ) N s < ! as * ^ ^ ^ ^ 

122 including a plurality of mixers 124 and summing elements 126. 

'ud rivers C4 u r i 

<■ , f - o N , ^ * - "u 

20 HOpropnat the CDMA200 j Eieme? 

the structure shown m Figure 4 correspond m functionally equivalent 
portions of ihe mohiie s union ip shewn m Future 2 

Figure 5 illustrates forward link channel structure which forms a 

s v > > 

2S - don s 0 v Figure 2 Sir t e show; \ the F-g e icludes a 
s , ^ „ < i ' o m e - b a ^ . cue - ^ 

148. gain eiemenls 152, puncture symbols 1o4 ano mixers 156 are 
used for Walsh encoding purposes. 

F ore S Hush-ate t 3 mob s statmn 12 of another emoo imen! 

30 of ine present invention The mobile s la con is aga;n shown to include 
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it 

an information source 34, encoder 36 modulator 38. DAC 40. VGA 42 : 
up-converter 44, and powet amplifier 46 $s«r als genemmed by the 
transmit portion or the mobile station ore again applied to an antenna 
transducer 48 to be transduced Into electromagnetic form thereat And. 
< s i < N s i ecewe portior dud lug a down- 

h'Q ttemc N ' * A/0 con v efts r 56 a rake 

receiver 58. a decoder 62, and an m > t n 

jn * - ? r * mmiroom 63 on? gam ooniro! 

even Without me demotion ot a channel gain message mmosmmed 
3d thereto by ma network ouosmructuro of the communication system, 
i -it r % k pled t 

indications of user-generated inputs generated by way of the user 
interface 72 And, a channel range determiner 74 is again operable to 
determine a range of channel gains to permit effectuation of 
15 performance of a communication service at a selected QcS level. 

Determinations made by the determiner are applied again to an offered 

- i sssage 
which is provided i of the m 

> s x iti P 

20 (radio link protocol) formatting scheme ;s utilized to format data which 
m communicated to perform the communication service In 
conventional manner. ACK ; acknowledge; or fCAK (no km\^ 
indications are seat Pack to the mobile station by the network 

' i i o c -k -ec t N " - Fx! m The 

25 n " i x v cm v' h m*. m m ' s - S \k 

cm d i n NAK inchcat s received at th* 

net f ^ em a- m earn m-ri\^ * e "mx mum 

iorm of NAKs .01 ^ c r g the NAK snU «-i and information 
related to a QoS step leva: the comma* power step sice in a 38. to 
30 ~ s ^nc~ s - i « „c \ una m; 
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Transmitted to perform the communication s: r v c? in on exemmary 
Implementation, such information is sent to the mobile station by She 

mark mfr ;ture in t r. of RLP afea > 5 
message? The NAK interval and the \ \ ^ may be combined - i 
5 f - i one I pentadc alaes of the N.At* 

interval, the NAK limited arid the QoS step size ere user-spesihc in 
another implementation, such values are. instead, system parameters 
arid transmuted In the rnemls station over a common control channel 
Here, too controller 68 is further shown to include a step-size 
to lete | ? v >f the mobile station to 

)biie st i An 

NAK daleclor 174 is also coupled to the receive portion of the mobile 
station to detect the NAK Information, i.e., the NAK interval and the 
N t > < 1 tic? NAH 

IS r e < N I NAK 

tar 1 78 

Dyrtng operation : the counter is operable to count the number of 
NAKs within the time interval of the NAK interval and timed by the NAK 
timer., if the counter counts-out an indication is provided to a gait: 
20 controller 64 The gam controller ^ eiso coupled to receive indications 
of the OoS step size detected by the \ f m lOO Response's 
thereto, the gam ooniroiier generates Signals to control the 
- - ! v , „ > f o p < on -»i is 

P , - i.OI of 1 nSri 0 tvO em* ma 

25 gam oeieomecipm : > I nun. RIP data tram 
wmtm ~i s-o-vp-. 1 hme 

Figure 7 illustrates a ssqu< t i shown }i m y at 152 
sfiug v ■? Big <* - erne stetson 12 and the network 

mrreshueture, Including a racm Case station mi d^nno operation oi , , 
30 embodiment ol the present invention. VV'nen a communication service 
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& to be performed I he mobile st < N 4 2 m s si stion ge *eraies a 
supplemental channel request, indicated by the sine 184. wnmh m 
tf \>~ iv't * to the network :n;rssi: ucmre in which additions; ee-or- 
resources arc requested io he allocated to perform the communication 
S servsce. An offered gain request, including the offeree gain message 
- - t >m- ~ - i > s - ^ < s 1 r 

6 to for s * * < 1 * - indicated by 

the line 188'. by the mobile station to the network infrastructure. 

The network infrastructure, responsive to the requests, grants 

to service oy way of a service grant indicated by the iine 188, granting 
service to the mobile station ro perform the communication service. An 
NAK information message, including the NAK interval and the NAK 
iirt it, i rn b < s a struct 1 

; m I i iine 192 And nfrastmctune 

15 sends a message containing the Quo step size, indicated by the line 
194 to the mobile station Thereafter, during, communication. of the 
RIP formatted frames of data, NAK information, indicated by the line 
196. is provided by the network Infrastructure to the mobile station 
G N - o ^ > 

20 Fhgure 8 illustrates a sequence diagram 198 representative of 

exemplary operaoon of a mother embodiment ol the present invention 
The embodiment represented by me sequence diagram P08 provides 

i r ) 0* m Vf 1 b a - m" > i 
retransmissions in an RbP i mho * p cm ape m v d : 

25 > NC sa;iji;, v , , > -\ . * N - t m 

powe; " <^ eclated n this emfcx nem, RtF ©transmissions o 
a reverse link extending from the mobile station to the network 
Infrastructure are powemcontroHed by adjusting a trafhe channel gain 
i speo tied s 1 s i ; at mips ? the s;g; n se ratk 

30 N< W N r - * u : o\\ jc < ..uv< -sen-, v. t 
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Operation of the embodiment provides a manner by which to effectuate 
outer loop power control for a GOMA200U or other radio 
communication, system 

< > i r provt s t : o v w h : c, h s o e f f e c; t u a t 

5 iter loop p< ntr s - =. r. s s N > - 

decrease in subsequentlyMixmmmitted RIP data frames responsive to 
whether a previously-h-ansrmUed date frame m m error One existing 
proposal, for instance, attempts to ensure that smnei-to-noise ratios of 
RLP data frames received at a base stamen ;s of a level such that a 

ID required FER ( f n t f However such exisii \q 

power control method dees not adequately account for values of FEB 
which do s | a t in! ir than s e$ > 

»i ho present invention | \ nee? Dy 

which better to effectuate power control in which amplication levels of 

15 which RLP data frames are amplified at levels responsive to the receipt 
of indications at the mobile station as to whether a previously- 
i\P v e<i ."^ iVnp, Acs ^ *E! 1 XiVCO - mr at tha 

network infrastructure. Such operation is stated in an algorithmic form 
as follows. 

20 .C^^fl. Fx0 
wherem: 

For fran -0 adjust tar-get E quoted rafhc (E t /h 
} r . ossng fixed step-size , 

1, if the frame is in errm £ \ nr NJ r ® < W 7 ~ 
25 round {1QTj}, 

2. if the frame is not in error, (E ; AN, } T (j* 1 } ~ (E/N ; h(j} •- 
round 1 '} m .;. 

5 a - teger 
c s - roe em; am PER and 
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x is a value of a step-size. 
When RlP~ba$ed powe? control is used, retransmissions of data 
frames usually arrive st a sitgh'Jy better F E R than the target F. 
However, outer loop power control should maintain a target FER tor 
r regular transmission frames m the presence of RIP retransmissions 
To minimise the need to modify normal outer loop power control 
operation : operation of this embodiment of the present invention 
ubhzr n as follows 

F or frame , ~0 1 adjust none? >>r* - - \ denoted as /.V 
to j>, using fixed step-size A 

1. If frame in error, {E t /N t ) r Q + 1 ; * (B>/N s } r & + {1Q r ~ 

round{10 r F)}, 
2 f fram or and RU 

retransmission, fE/ar. > rir i ; - iE</N s } r (j} - rt>und{10 7 F}, 
B: 3, I t m e s an RLP f a ss or 

The sequence diagram 198 indicates that first, an RIP data 
frame, the yth date if s c ! ted - )biie station f.o it 
\ > * * > n . v. ! t - f r t 

20 m 3 N f ' a <c(f 

so reiorned from the netwom mf?asin.mh.i?e to the mem.o station Then, 
the gain at wo; on a subsequent the / * h data frame ;s communicated 
by the rnobile stauoo to the outwork * u fc ss selectively 

|jd>ti-jn { U U i ' i ' ' - vLl^ 0»i«l SoNS ) «. f 

25 the data frame ss indicated by the tme segment 206. Thereby, 
operation provides a power control scheme in which, if an RIP 

«mi« cm s a - i < ! - v o ""mi*- ao 

eoter loop sub-pomt Is not adjusted Otherwise adlustrrmm ;s mmoe. 
as i cosseted m alee tthm the A j ^ ^ the slg 

30 earned out by a gam controller such as that which forms portions of 
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the mobile station shown in preceding Figures A gain contra? signal 
generated by the gain controller is then utilized hy a variable gain 
amplify r>f the transm portion of -.5 mobce s>a > effectuate the 
power control 

5 Figure 3 if I ate< * meth 1 snev, jenemiih t 21 2 >f « n 

embodiment o* me present invention The method sr-mates effectuation 
of power control over signals generated by a radio device operable in 
>a comniui i ? - ds are transmitted u *di< 

channel to a receiving station to perform a communication service. 
10 * r s ^ of h«f , 

tj < ^ \ < S ! I 1 i t 

generated by the radio device to permit performance of the 
cnmcuinca her; service at a selectee QcS 'eve! Then, and as »nji;y 
by the block 21 s t ansmission to the 

15 receiving station requesting allocation et channel capacity upon the 
radio channel to transmit signals upon the radio channel to perform the 

1 ired to 

effectuate the communication service at a selected QcS level, 
maintenance of communications at the selected QoS level is better 
20 assured, 

s descriptions are preferred , - ? 
implement m <m ~~ and the scope c-i the wventic should no! 
neces >ar i> ! e it this d or - The Dps ot i presem 
invention m defined by me tallowing cla?ms. 
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We claim: 

1 . in a -radio device operable in a communication system to 
perform ~ f i * ervi n * it c n f 

- t - t v^r . < t , ^ f ; 1 n 

5 device for transmission upon a radm channel to a receiving stetson to 
perform the coramunioation service said apparatus comprising: 

nqs t i N i toeeied ? ess 
receive indications of the communication service to be performed by 
the radio device s ■ n « in or determsmnc 

.10 * f b levels of the sionah 

generated by the radio device permit performance of the 
- , < s ;>i ( r c 

a message generator coupled to receive 
determinations of said channel gain range determiner, said message 
15 generator for generating a message for transmission to the receiving 

- sdsn 
cnanne h-amurm s > tN v ^ in* » f perform the 

communication service, 

2 1 N „ v - * nn 

30 * " m ' ! t m 

0 S ^ X ii S v I' f ^ ' !' » > ^ 

levels by wh;eh ro amplify {he ssgnais generated at the radio device 
without saturating mo digital-to-anaiog converter 

23 range of channel gains o-.te-r sosd Dy said channel gam range 

determine! scat- f sd res| tsive, in part, to d< mi ns ?f IN 
maximum gain bH , < *tcs^; ^ac f 

adv - vimam sa c at m * - -< - ^ a c :m ;cm~ m 



25 

4. i - - \ 

\ < 3 . mi ' , , p p > iUt -on i < > 
system, wherein the receiving Nation comprises a portion of network 
infrastructure of the celiuiar communication system, and wherein said 
$ message gens j - 3 i s i ;s < -> r x * 

f the network i ? srvi sedations to 

request service in the cellular communication system, 

5. The apparatus of claim 4 wherein the cellular 

omms i < v < :.DMA?00 pii wo mi i 

10 wherein the message generated by sash message generator comprises 
an offered gam me;- sane. 

8:. The apparatus of claim 1 wherein the receiving station 
comprises a transcetving station for transmitting indications of service 
mtin i em & radio 

IS device to pertorm s w 

and wh€ » prises 

the indications transmitted by the transcewiog station 

7, The apparatus of claim 6 further comprising a gain 

* it g t ^ i * . w * » i m x * " 

20 detector nt the indications of the service request grants transmitted by 
IV t.^i i > i ^ i J _ f <, ^ , jn Ti roi 

eigne e s p o n s n i c t - 

8. Tne apparatus of c mm 7 <w e,o~ - the radio device 
comprises a receiver portion having a vanade gain amplifier, and 

25 where -r: the gain control signal generated by se;d gain eomroiler is 
applied to the vanade gam amplifier to control gain levels thereof 

8, Fhe appara* sot clam ? wherein x - 3d > de< ce 
campuses a mobUe station operable in a cellular communication 
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system, wherein the hansoeiving station comprises a portion of network 
infrastructure of the cellular com m unseat son system, and wherein the 
indications of the service request grants transmitted by the network 
* sstr stt e are trar f o >m\ , a s > 

5 request service to perform the communication service in the eetluiar 
communication system 

10. a t \ he ccMuia 

» , - , < f N V "w < , NX ^ s m ^ 

vhm fh me on: - nessage g* omenses 

iO a chan net gain message. 

11 The apparatus of claim 1 wherein the receiving station 
comprises a transcelvlng station further far transmitting no- 
knowiedgment (NAK) inter the N d- 

formal 1 at 1 i m /ice a n by « 

15 adjust power levels of signals generated by the radio device to perform 

irther 

comprises a detector for detecting indications of the NAK information 
transmitted to the radio device. 

12. i rein the radio device 

20 genemnos "adm «ir* mmm ( o- R\J ■ oata hemes and whe^em said 
appa 3ms crc :c ? m ^ 3,vm m\ e * - a~ a etma a nam 

C^ ^ f , ^ I t V ]l > 

generation of U - Rt P oata frames - she manner Indicated m, the NAK 
information. 

25 1 3. The apparatus of claim 1 2 wherein the NAK Information 

NAK interval vaioe represen f - - i 

which the NAK indications are counted and wherein said apparatus 
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further comprises a timer for liming the time period of which the NAK 
interval is representative. 

14. The apparatus of claim 13 wherein the NAK information 
comprises an NAK limit value representative of a maximum number of 
5 NAK indications permiitad within the time period of which the HAK 
interval value is representative and wherein said apparatus further 
comprises a counter for counting NAK indications. 

15 The ®pparaiu& of claim 12 wherein the NAK information 
composes a quality of service !QoS) step value representative of gam 
10 adjust step levels by which the value of the gain control signal is to be 
selectively adjusted subsequent to the generation of the RIP data 
frames. 

16. The apparatus of claim 1 wherein the range of channel 
gains deteni i said channel gain range determiner includes a 
!5 mwsr boundary representative of at least a minimum gain level to 
ensure performance of the communication service at a selected QoS 
level. 

1?. Ida apparatus of claim 1 wherem the radio device 
generates radio mm protocol (RlP) data frames, wherein the receiving 

20 vtutem. ttm-o i^o^n m'^'M ' u f r^nn ?j to the 
urn: , dewcs uTcatm ; sspons 3 tc ecepi or >f cm h R:P mi: 
frame m the transce;V!np station whether me RLP data frame is 
received wild error or without error, and wherein said apparatus further 
comprises a detector for detecting the indications transmitted by the 

25 es< n * m -L m , „ ™ v% g 

error or without error 



1 - 1 he appm m <- ; • funl «?♦ o mt i u>r : * psm 

lie c k pieu > be pnmsdeo w;t ie indi i i sr ted b> - 
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Ifsnsceiving station of whether the Ri..P dais frame is received with 
srfQf or without error. said pec; com rosier for generadnq a qa;n control 
s anal responsi eto, the gain <g i <v N , > ^ 

values of a signai-te-noise ratio (£R/V f ,h. : of a subseguently transmitted 
5 Rl i5 i sra fr sma a a a Rl P data ff ome s recen a : a in error «; x< -0 n 3 
to the aquation: 

(£M)r (M) * (EJN t ) r Q) + (10 r ~ round (lQ r FU 

wherein 

j is an integer which identifies a frame number: 
10 T is an integer; 

a is a value ot a target frame error rate; end 
, is a fixed step-size value. 

19. The apparatus of claim 18 wherein the gain control signal 

5 f E/N }y of 

13 th < n RIP dai RL! ran 

according tc i.ha equation: 

(E//V, ),• y+i> ■■■ (£>/N s } r 0) - round (1Q r F}, 

20. 1 ^ < - ? s uca 
20 is of a value for causing values of the Signal-to-noise ratio (E./N, ) T . of 

ubaequr. » I , u rroi 

and the Rl.P data frame «s a retransmission according ?o the equation. 
(E/rVj, (hi) ~ {E/N t } T (j) 
21 rdobiie station apparatus for x\ rRfeciuation of power 
25 , s x c - 1 - * v^.vU tc 

network infrastructure to pes term a cccamuracauon service by way of a 
em v. a communicaiion system said motaie station apoaratus 
comprising: 

a channel gain range determiner coupled at teas! to 
30 tore ; N a l.c v a< s r * ^ :m - > - ■> ^ \ e« \ he ^eric r eo r 



wo mmm niT/vsmn i t>is 



f < < i o 3 ^ 0 >\ 0 - s s ^m * ^ O , eh - ' 

range of channel gams within which signal levels of the signal 
c nance of the 

1 a f a s 1 v , * 

determinations made by said channel gain range determiner said 
message generator for generating a message for transmission to the 
network infrastructure requesting gilecahon of channel capacity upon 
the radio channel to transmit signals upon the radio channel to perform 
the communication service. 

-> m- - w ^'cl' 

signals generated by a radio device operable in a communication 
system for transmission upon a radio channel to a receiving station to 
perform a communication service, said method comprising: 

\n * * un which 

\ n x n ( o n r n adk device pe mil 

performance of the c i * 3 and 

genera n 3 

during sasd operation of determining, a message for transmission to the 

r ! - " " 0 i uu ^ I < 

radra cha o aansi s signa t 3d=( -harm r > n the 

com munication service. 

23. The method of claim 22 comousmg the additional 
operation cd irammmPing back m the rao;o devir.e indications of service 
5 request g cam grannng i rmmum cat-on system resources so the radio 
- \ i } commumcanon d& - elected i 
respons - t U 5 <s ! 5 1 d 

generating 

2 4 H e i l a ! C , s s i 

0 operation m t - - > cam to the radio device NAK mformauon the 
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NAK information for indicating to the radio device a manner by which to 
adjust power levels of Signals geno-aiod oy the radio device to perform 
the communication service 

25 Gain control apparatus for a radio device operable in a 
two-way radio communication system to corrmmnicaie RIP data frames 
to e remote transcelvmg station, the remote transceiving station 
operable at least to return Indications, responsive to reception of each 
RIP c sma at the tr tether the RIP data tran 

;s resumed with error or without error sad - cone;- apparatus for 
causing, a o< ratio r \ of a subsequently transmitted 

RIP data frame to be of a selected value, said gam control apparatus 
comprising: 

a variable gain amplifier element for amplifying the 
RIP data frames prior to communication thereof by the radio device, 
anable g nphfder element sxhibss \ ion level 

selectable responsive to values of a gain control signal applied thereto : 
and 

a gas on < » c * 

turned o\ v wwceu 5 su.mcv ' < < PC! LP d i < < < 
received vum error or wipmud err -or said gam controller for generating 
the gain control signal applied to said variable gain amplifier, the gain 
> - < s r value for cau* mj hues of a ssgr r e sho 

eoor accordiCu he ec 

(EJNj, 0^1} - {EJN ; ) r 0 + (W - round (lO"Fj ,} 

wherein. 

/ - ari integer wh;ch mooches a frame mimoer; 
T Is an integer; 

f is a value of a cm am trame error --ate, and 
% . is a fixed step-size value 
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